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Specification 

1. Title of the invention 
Heat treatment for casting 

2. Claims 

A method of heat treatment for cast objects, wherein, in a method of heat 
treatment of a cast object containing a shell core performed by passage through a 
furnace, transport of the above-mentioned cast object inside the furnace is set to an 
intermittent feed, air blown onto the shell core from an air nozzle provided at a 


position corresponding to an open portion of said shell core at the stop position of 
said cast object, said shell core baked at the ambient temperature inside the furnace 
with the air that infiltrates the shell core. 

3. Detailed description of the invention 
Field of industrial application 

The present invention relates to a method of heat treatment for cast objects 
that are cast by placing a shell core inside the mold cavity. 
Prior art 

Before sending a cast object cast using a shell core to a subsequent process, 
such as a machining process, there are cases where breaking and removing is difficult 
with a conventional mechanical method when the shell that remains inside the cast 
object is removed, depending on the size and the form of the shell. In such cases, the 
cast object containing the shell core has conventionally been heated for a prescribed 
time at a prescribed temperature, and the binder (resin) that is contained in the shell 
core is baked and to increase the breakability of the core such that core removal is 
easier. 

For example, when manufacturing a cylinder block for an automobile engine, 
with an aluminum alloy casting, the water jacket through which the engine cooling 
water runs is formed at the time of manufacture by placing a shell core inside the 
mold and pouring; however, it is difficult to remove the shell core after casting by a 
conventional mechanical method, therefore a method such as the following is used. 

Namely, the unnecessary portions such as the boundaries and the runner 
channel are first removed from the casting materials. The casting material is then 
heated to more than 350 °C and maintained for on the order of 4 hours to bake the 
binder contained in the core and increase the breakability of the remaining, and 
subsequently, vibration is applied to the casting materials to break and remove the 
remaining core. 

To increase the strength of the core, the core for forming the water jacket 
portion of a cylinder block is conventionally formed from a resin-coated sand, which 
has a binder (resin) pre-coated onto the sand particles of the core, such that the sand 
particles are firmly bound to each other, not only on the surface but also inside of the 
core to resist pressure at the time of injection and other external forces. Therefore, in 
order to increase the breakability of the aforementioned shell core after casting and 
perform the core removal operation effectively, it is necessary to bake the binder not 
only on the surface but also on the inside. 

When the supply of oxygen is sufficient and if the binder used in the 
aforementioned shell core is baked at a temperature of more than 350 °C, the core can 
be baked through to the inside. 
Problems to be solved by the invention 

However, in the case where the binder in the core is baked by simply heating 
the cast object containing the core in the prior art, the cast object was only maintained 
at a prescribed temperature for a prescribed time in a furnace, so the supply of 
oxygen was insufficient and the binder inside the core could not be baked; therefore, 
breakability of the core could not be increased sufficiently. For example, at a heating 
temperature of approximately 400°C, the binder in the neighborhood of the core 
surface can be baked, but since the binder in the inside of the core cannot be baked, it 
has been impossible to sufficiently increase the breakability of the inside of the core. 


Thus, increasing the heating temperature for the cast object to facilitate the 
baking of the binder may be considered, but in cases where the melting point of the 
casting material is comparatively low, as with an aluminum alloy, for example, there 
is the fear that the properties of the casting material will be degraded if the 
aforementioned heating temperature is increased too much; therefore, it has not been 
possible to apply a temperature that would be high enough to bake the binder inside 
the core in the state where supply of oxygen is insufficient. 
Object of the invention 

It is an object of the present invention to solve the aforementioned problems, 
increase the breakability of the shell core without increasing the heating temperature 
and increase the efficiency of the core removal operation. 
Means to solve the problems 

Therefore, the present invention is such that in a method for heat treatment for 
a cast object containing a shell core performed by passage through a furnace, 
transport of the aforementioned cast object inside the furnace is set to an intermittent 
feed, air blown into the shell core from an air nozzle provided at a position 
corresponding to an open portion of the aforementioned shell core at the stop position 
of the aforementioned cast object and the compressed air blown from the 
aforementioned air nozzle in addition to the ambient temperature inside the furnace 
promote the baking of the binder inside of the shell core. 
Effects 

According to the present invention, transport of a cast object inside a furnace is an 
intermittent feed, and at the stop position of the aforementioned cast object, an air 
nozzle fits into to an open portion of the shell core contained in the cast object so that 
in addition to the ambient temperature inside the furnace, the compressed air forced 
from the aforementioned nozzle can facilitate the baking of the binder in the shell 
core. As a result, breakability can be increased not only in the vicinity of the surface 
of the shell core but also inside, and at the same time, elimination efficiency of the 
core sand that is baked and broken can be increased, so the core can be eliminated 
efficiently. 
Embodiments 

In the following, embodiments according to the present invention will be 
described for the case of an aluminum alloy cast object that is a cylinder block for an 
automobile engine. 

In addition, the cylinder block for which high strength and high hardness are 
required necessitates that a T6 solution treatment be performed on the casting 
material, and the present example is an application of the aforementioned T6 solution 
treatment to the heating process. Furthermore, after casting, the unnecessary portions, 
such as the boundaries and the runner channel, are removed, and a portion of the core 
is broken and removed from the aforementioned casting material by means of 
vibration as a preprocess for heat treatment; however, the core forming the water 
jacket portion is made of resin coated sand and cannot be removed just by means of a 
mechanical method such as the one described above, so it is sent to the heating 
process a state where it still contains the core. 

As shown in Fig. 1 and Fig. 2, the aforementioned cast object W containing 
the shell core, is transported to the furnace F by a transport device equipped with two 
parallel fixed rails 2 and a mobile feed bar 1 placed parallel to the aforementioned 
rails 2 midway between these two fixed rails 2 in order to perform the T6 solution 


treatment. The furnace F is a serial furnace that performs heat treatment on the 
product to be heat treated by passing it through the oven, and it is equipped, between 
the oven ceiling portion 3 and the oven floor portion 4, in an orientation 
perpendicular to the direction of advancement of the cast object W (rightward in the 
figure), with a plurality of heaters 5 in parallel to maintain the temperature inside the 
oven at a prescribed temperature. 

The aforementioned mobile feed bar is fixed to a vertically moving rod 6 of an 
intermittent feed device A that is placed with an appropriate spacing along the 
longitudinal direction of the furnace F, and when the aforementioned vertically 
moving rod 6 is in the raised position, it lifts the casting W to a higher position than 
the fixed rails 2, and when the vertically moving rod 6 is in the lowered position, it 
deposits the cast object W on the fixed rails 2 in a lower position than the fixed rails 
2. The aforementioned rod 6 is mounted so as to freely move up and down on a 
walking beam 8, which can move freely forward and backward in the longitudinal 
direction of the furnace F on a platform 7 that is fixed on a floor surface G. In 
addition, an opening 4a, which is covered with a slide shutter 12 that equips the lower 
surface of the oven floor 4 to prevent heat dissipation from the interior of the furnace 
F, is provided in the oven floor 4 so as to allow the vertically moving rod 6 to move 
forward and backward concomitant to the forward and backward movement of the 
walking beam 8. 

The intermittent feed device A transports the casting W intermittently inside 
the furnace F in the forward direction through a mechanism in which, when the 
vertically moving rod 6 is in the raised position and the mobile feed bar 1 has lifted 
the casting W higher than the fixed rail 2, the walking beam 8 moves in the forward 
direction (rightward in the figure) to transport the casting W, and then, when the 
vertically moving bar is lowered and the cast object is deposited on the fixed rails 2, 
the walking beam 8 moves in the reverse direction (leftward in the figure), staying in 
place until the vertically moving rod 6 raises again. 

A positioning pin 9 is mounted on the aforementioned mobile feed bar 1, to 
correctly determine the position of the cast object on said feed bar and placed 2 by 2 
at a prescribed interval along the longitudinal orientation of the mobile bar 1, and said 
positioning pins 9 are such that they fit into the holes 1 1 and 1 1 for the cylinder head 
mounting bolt holes in the cast object that is transported with the cylinder head 
mounting face on the bottom side. The interval of the aforementioned positioning 
pins 9 is established so that it is equivalent to the transfer stroke of the walking beam 
8. When the cast object 1 that is separated from the mobile feed bar 1 and deposited 
on the fixed rails 2 due to lowering of the vertically moving rod 6 is lifted due to the 
raising of the vertically moving rod 6, after a prescribed time has elapsed, the cast 
object is moved in the forward direction only by the transfer stroke of the walking 
beam 8 in a state where its position is defined correctly owing to the fact that the 
positioning pins 9 and 9 fit in the holes 1 1 and 11. 

The aforementioned furnace F is equipped with an air nozzle 13 in order to 
blow air into the open portion of the shell core that forms the water jacket portion of 
the cylinder block. An air distribution pipe 14 is connected to the aforementioned air 
nozzle 13, which serves to supply compressed air from an air compressor (not shown) 
installed outside of the furnace F, to the aforementioned air nozzle 13. The 
aforementioned air distribution pipe is deployed in such a way that the length of the 
pipe inside the furnace F is as long as possible, in order to prevent a drop in the 


temperature of the cast object W due to the air blown from the air nozzle 13. 

As shown in Fig. 2, the aforementioned air nozzle 13 is installed between the 
mobile feed bar 1 and the fixed rails 2 and 2 on both sides, and its positional 
relationship to the positioning pins 9 and 9 is defined in such a way that in the state 
where the cast object is deposited on the rails 2 and 2, it fits into an opening portion 
15a of a shell core 15 that is used to form the water jacket contained in the casting W, 
as shown in Fig. 3. In addition, as is explained in detail in Fig. 4, to avoid clogging 
due to broken core sand falling from above, the aforementioned air nozzle 13 is 
preferably equipped with a plurality of air blowing pores on the side at the vicinity of 
its tip, and the height of the tip is set in such a way that in the state where the air 
nozzle 13 is fitted into the opening 1 5a, the aforementioned air blowing pores 13a are 
placed inside the opening 15a. Compressed air is only blown into the aforementioned 
opening 1 5 a for a prescribed period. 

In the casting W that is transported into the furnace for the heating process for 
the T6 solution treatment and heated at approximately 500 °C for approximately 2 
hours, compressed air is blown through the previously-described air nozzle 13 into 
the opening 15a of the shell core 15, during approximately 1/3 of the 500 °C 
maintenance period to perform a baking collapse of said shell 15 after the object has 
been heated to a temperature of more than 350 °C inside the aforementioned furnace 
F. 

The reason for performing the supply of the compressed air through the air 
nozzle 13 in during the aforementioned baking collapse of shell 15 once the 
temperature of the cast object reached more than 350 °C, is due to the fact that, below 
350 °C, the baking efficiency of the binder of the shell core 15 is poor, and in 
addition, the reason for completing this before approximately 1/3 of the 500 °C 
maintenance period, is providing the uniform temperature (approximately 500 °C) 
that is required for the T6 treatment to the entire cast object. Therefore, the mounting 
locations, the number of mounting locations, and the number of nozzles at each 
location, and the form of the air nozzle 13 are defined by a combination of these and 
the size of the casting. 

Thus, because transport of the casting W inside the furnace F is set to an 
intermittent feed in the heat treatment method for an aluminum alloy cast object for 
the cylinder block of an automobile engine as described according to the present 
embodiment and the air nozzle 13 is set to fit the opening portion 15a of the shell 
core 1 5 contained in the casting W at the stop position of said casting W, baking of 
the binder inside the shell core 1 5 can be facilitated by blowing compressed air 
through the aforementioned air nozzle 13 in addition to the ambient temperature 
inside the furnace F. As a result, not only it is possible to not heat the cast object W to 
a temperature that is comparatively close to its melting point, the breakability can be 
increased not only at the vicinity of the surface of the aforementioned shell core 15, 
but also on the inside of the shell core, and at the same time, it is possible to increase 
the elimination efficiency of the baking collapse of the core sand, which allows the 
core elimination process to be performed efficiently. 

In addition, the aforementioned embodiment is an application to an aluminum 
alloy casting; however, it is evident that the present invention may be applied to 
castings of other materials, such as steel. 
4. Brief description of the drawings 
The drawings depict the present invention. 


Fig. 1 is a front view that depicts the interior portion of the furnace. 

Fig. 2 is a perspective view of the transport device and the casting. 

Fig. 3 is a vertical section view of the casting for a cylinder block containing a core. 

Fig. 4 is vertical section view of an air nozzle tip that is fitted into a shell core 
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